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Abstract

Author Manuscript

The consumption of alcohol mixed with energy drinks (AmED) has been associated with higher
rates of binge drinking and impaired driving when compared to alcohol alone. However, it remains
unclear why the risks of use of AmED are heightened compared to alcohol alone even when the
doses of alcohol consumed are similar. Therefore, the purpose of this laboratory study was to
investigate if the rate of self-paced beverage consumption was faster for a dose of AmED versus
alcohol alone using a double-blind, within-subjects, placebo-controlled study design. Participants
(n = 16) of equal gender who were social drinkers attended 4 separate test sessions that involved
consumption of alcohol (1.97 ml/kg vodka) and energy drinks, alone and in combination. On each
test day, the dose assigned was divided into 10 cups. Participants were informed that they would
have a two hour period to consume the 10 drinks. After the self-paced drinking period, participants
completed a cued go/no-go reaction time task and subjective ratings of stimulation and sedation.
The results indicated that participants consumed the AmED dose significantly faster (by
approximately 16 minutes) than the alcohol dose. For the performance task, participants’ mean
reaction times were slower in the alcohol conditions and faster in the energy drink conditions. In
conclusion, alcohol consumers should be made aware that rapid drinking might occur for AmED
beverages thus heightening alcohol-related safety risks. The fast rate of drinking may be related to
the generalized speeding of responses following energy drink consumption.
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One common recommendation to alcohol consumers for reducing the likelihood of alcoholrelated problems is to pace drinking so that consumption is slow (NIAAA, 2016). Alcohol
consumed at a faster rate induces greater intoxication and makes it more difficult for
consumers, including young social drinkers, to stay within moderate drinking guidelines
given that alcohol is a rewarding and reinforcing drug (Leeman et al., 2013; Stafford &
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Dodd, 2013). Fast paced drinking also results in a faster rate of rise in blood alcohol
concentration (BAC) and swifter rates of rise in BAC are associated with greater behavioral
impairments, independent of the actual BAC (Fillmore & Vogel-Sprott, 1998; Jones & Vega,
1973; Moskowitz & Burns, 1976). Since fast drinking is associated with greater alcohol
consumption and greater alcohol-related harms, a variety of public health intervention
programs emphasize spacing drinks as one way to slow the rate of drinking. For example,
protective behavioral strategies interventions with young social drinkers emphasize that fast
drinking contributes to drinking harms. Individuals who already space drinks or individuals
who learn to incorporate the direct strategy of slowing the pace of drinking tend to have
reduced alcohol problems (DeMartini et al., 2013). Even vulnerable populations, such as the
chronically homeless, benefit from safer drinking interventions that teach spacing alcoholic
drinks and drinking slowly so that overall alcohol consumption is less (Grazioli et al., 2015).

Author Manuscript
Author Manuscript

A further concern with faster rates of alcohol consumption relates to overall poor decision
making including driving-related risk-taking. In one laboratory study with social drinkers,
faster self-paced drinking of alcohol was related to increased driving confidence even though
actual driving was impaired, as measured via a driving simulator (Bernosky-Smith et al.,
2012). In that study, the authors suggested that faster drinking was problematic as it leads
individuals to erroneously conclude that they are sober enough to drive given the time delay
from the last alcoholic drink consumed before driving. The observations that fast rate of
drinking is associated with both binge drinking and risky decision-making in the context of
driving parallels what has also been reported in the literature regarding the consumption of
energy drink mixers with alcohol. The consumption of alcohol mixed with energy drinks
(AmED) has been associated with binge drinking and greater intentions to drive while
impaired when compared to alcohol alone (for reviews, see Marczinski, 2015; Marczinski &
Fillmore, 2014). Therefore, the purpose of this study was to examine if alcohol mixed with
energy drink (AmED) is consumed faster than alcohol alone.

Author Manuscript

Energy drinks are beverages with levels of caffeine double or triple the levels of caffeine
found in soft drinks and are advertised to increase energy levels and mitigate fatigue
(Howard & Marczinski, 2010; McCusker et al., 2006). Energy drinks have become
increasingly popular mixers for alcohol (Marczinski, 2011). Based on findings from prior
research, there may be two reasons why one might observe faster consumption for AmED
beverages when compared to alcohol alone. First, energy drinks can antagonize alcoholinduced impairments on motor speed. The acute administration of alcohol results in a dosedependent slowing of reaction times that can be observed using a variety of cognitive tasks
(Marczinski & Fillmore, 2003a,b; Marczinski & Stamates, 2013; Marczinski et al., 2011,
2012). Energy drinks (or caffeine alone) can antagonize this alcohol-induced motor slowing
(Marczinski & Fillmore, 2003a; Marczinski et al., 2011). The heightened arousal that occurs
with consumption of energy drink mixers could increase the rate of drinking based on an
antagonism of alcohol-induced motor slowing.
The second reason why AmED beverages may be consumed faster than alcohol alone
pertains to the finding from several studies that energy drinks (or caffeine) appear to enhance
the rewarding/reinforcing properties of alcohol. In three different laboratory studies, a
moderate (i.e., ‘priming’) dose of alcohol was given to participants to induce the desire for
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more alcohol. When the priming dose of alcohol contained caffeine, either as part of an
energy drink (Marczinski et al., 2013, in press) or as an additive (Heinz et al., 2013),
participants reported a greater desire for more alcohol. These laboratory-based findings
coincide with findings from field studies where bar patrons who consume AmED beverages
are more likely to leave bars intoxicated (Hughes et al., 2012; Thombs et al., 2010). There
appears to be a dose dependent relationship between level of caffeine use (via energy drinks
or cola beverages) and the magnitude of alcohol intoxication in bar patrons (Thombs et al.,
2011).

Author Manuscript

However, it is important to acknowledge that the literature covering whether AmED
beverages are riskier than alcohol alone is controversial. It has been argued that AmED
consumers just tend to be heavier drinkers in general when compared to alcohol consumers
who do not select energy drink mixers (Rossheim et al., 2016; for a review, see Verster et al.,
2016). Therefore, the purpose of this study was to determine if the rate of drinking is greater
when individuals consume alcohol mixed with energy drinks compared with when the same
individuals consume the same dose of alcohol mixed with a non-energy drink mixer. Social
drinkers consumed 10 small drinks so that speed of beverage intake for alcohol and energy
drinks, alone and in combination, could be recorded. After drinking, participants completed
a cued go/no-go reaction time task and completed subjective ratings of stimulation and
sedation. It was predicted that alcohol would be consumed faster when the mixer included
the energy drink as compared to the same amount of alcohol consumed with a decaffeinated
soft drink mixer. In addition, it was hypothesized that AmED consumption would result in
faster reaction times and greater subjective stimulation when compared to alcohol alone.

Methods
Author Manuscript

Participants

Author Manuscript

Sixteen social drinkers (8 women) between the ages of 21 and 30 participated in this study.
The mean (SD) age of the sample was 22.94 (2.57). The self-reported racial make-up of the
sample included 2 African-American and 14 Caucasian participants. For ethnicity, 1
participant reported being Hispanic with the remaining identifying not Hispanic. Potential
volunteers completed questionnaires providing demographic information and physical and
mental health status. Exclusion criteria included self-identified substance abuse disorders,
psychiatric disorder, diabetes, phenylketonuria, head trauma, or other central nervous system
injury. Individuals who drank less than two standard drinks of alcohol per month were
excluded. Individuals with a potential risk of alcohol dependence were also excluded, as
assessed by a SMAST score (Selzer et al., 1975) of 5 or higher or an AUDIT score (Barbor
et al., 1989) of 8 or higher (Barry & Fleming, 1993). Inclusion criteria included self-reported
consumption of at least one energy drink in the past year and consumption of at least one
caffeinated beverage in the past two weeks (e.g., coffee, tea, soft drink, chocolate, and/or
energy drink).
Participants were informed that they would be asked to provide a urine sample at the start of
each test session to test for recent use of amphetamines, barbiturates, benzodiazepines,
cocaine, ecstasy, methamphetamine, opiates, and tetrahydrocannibol. Any participant who
tested positive for the presence of any of these drugs was excluded from the study. Females
Psychol Addict Behav. Author manuscript; available in PMC 2018 March 01.
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who were pregnant or breast-feeding were also excluded, as determined by both self-report
and the results of a urine gonadotrophin (HCG) test.
Participants were recruited via notices posted on university community bulletin boards and
through university student e-mail distribution lists. All volunteers provided informed consent
before participating. The Northern Kentucky University Institutional Review Board
approved this study. Participants received $150 as compensation for completing the entire 5
session study. All participants completed all sessions in this study.
Materials

Author Manuscript

Personal Drinking Habits Questionnaire (PDHQ: Vogel-Sprott, 1992)—The
PDHQ measures an individual’s recent typical drinking habits including number of standard
drinks (i.e., bottles of beer, glasses of wine, and shots of liquor) typically consumed during a
single drinking occasion, dose (grams of absolute alcohol per kilogram of body weight
typically consumed during a single drinking occasion), weekly frequency of drinking, and
hourly duration of a typical drinking occasion. The PDHQ also measures history of alcohol
use in the number of months that an individual has been drinking on a regular basis or
customarily on social occasions.
Timeline Follow-back (TLFB; Sobell & Sobell, 1992)—The TLFB assesses selfreported daily patterns of alcohol consumption during the past 30 days including maximum
number of continuous days of drinking, maximum number of continuous days of abstinence,
total number of drinking days, total number of drinks consumed in the past month, highest
number of drinks consumed in one day, total number of heavy drinking (5+ drinks) days,
and total number of “drunk” days (i.e., days on which the participants felt intoxicated).

Author Manuscript

Caffeine Use Questionnaire (CUQ)—The CUQ assesses self-reported typical average
daily caffeine consumption in milligrams per kilogram of body weight. Estimates of the
caffeine content in foods and beverages were taken from Barone and Roberts (1996) and
McCusker et al. (2006). Manufacturer websites were consulted for caffeine content
information for newer products.

Author Manuscript

Impulsivity Measures—Two measures assessed self-reported impulsivity, with higher
scores indicating greater impulsivity. The Eysenck Impulsiveness Questionnaire (Eysenck et
al., 1985) assesses impulsivity by posing 19 yes/no questions. The Barratt Impulsiveness
Scale-11 (BIS-11; Patton et al., 1995) assesses impulsivity by asking participants to rate how
typical 30 different statements are for them on a 4-point Likert scale. Typical social drinking
college students will report mean BIS-11 scores of approximately 52–56 (Henges &
Marczinski, 2012).
Self-paced Speed of Drinking Task—The pace of drinking was measured using a selfpaced speed of drinking task (Bernosky-Smith et al., 2012). Participants were informed that
they would be given 10 small drinks to consume at a comfortable pace over a 2 hour period.
Participants were asked to alert the research assistant when they desired a new drink. The
time to complete each drink was unobtrusively recorded. During the task, participants were
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not prohibited from viewing the time and participants were offered magazines to read during
the task.

Author Manuscript

Cued go/no-go reaction time task—The cued go/no-go reaction time task was used to
assess the ability to activate and inhibit responses (Marczinski & Fillmore, 2003a,b). This
task is sensitive to the effects of moderate doses of alcohol and energy drinks (Marczinski et
al., 2011). The task was operated using E-Prime 2.0 software (Schneider et al., 2002) on a
Dell Latitude laptop computer (Dell Inc., Round Rock, TX). A test consisted of 250 trials
involving four possible cue-target combinations and took approximately 15 minutes to
complete. A trial involved the following sequence of events: (i) a fixation point (+) for 800
ms, (ii) a blank screen for 500 ms, (iii) a cue (a horizontal or vertical white rectangle),
displayed for one of five stimulus onset asynchronies (SOAs = 100, 200, 300, 400, and 500
ms), (iv) a go or no-go target (green or blue rectangle), visible until a response occurred or
1000 ms elapsed, and (v) an intertrial interval of 700 ms.

Author Manuscript

The cue orientation (horizontal or vertical) correctly indicated the target 80% of the time.
Participants were instructed to press the forward slash (/) key on the keyboard as soon as a
go (green) target appeared and to suppress (inhibit) any response if a no-go (blue) target
appeared. Activational and inhibitory tendencies show rapid development of cue dependence
as cues help an individual prepare for the appropriate execution or inhibition of behavior
(Miller et al., 1991). For response activation, the acute effects of alcohol typically slow mean
reaction times (RT) to go targets, particularly in the no-go cue condition (Marczinski &
Fillmore, 2003a,b). For response inhibition, the go cue generates the proclivity to prepare to
act, yet subjects must overcome this response prepotency to successfully inhibit the response
when a no-go target is displayed. For response inhibition, the acute effects of alcohol
typically result in impairments in response inhibition, particularly in the go cue condition
(Marczinski & Fillmore, 2003a,b). When alcohol is administered in moderate doses, the coadministration of caffeine/energy drinks antagonizes the impairment by alcohol for response
execution (as measured by RTs to go targets) but does not alter the alcohol impairment on
response inhibition (as measured by the proportion of failures to inhibit responses to no-go
targets) (Marczinski & Fillmore, 2003a; Marczinski et al., 2011).

Author Manuscript

Biphasic Alcohol Effects Scale—Subjective ratings of stimulation and sedation were
evaluated using this 14-adjective rating scale. Participants rate 7 adjectives describing
stimulation effects (e.g., stimulated, elated) and 7 adjectives describing sedation effects (e.g.,
sedated, sluggish) (Martin et al., 1993). Each item is rated on an 11-point Likert scale
ranging from not at all (0) to extremely (10). Sedation and stimulation scores were summed
separately (subscale score range = 0 to 70).
Procedure
Pre-laboratory Screening—Potential volunteers were informed during a phone
screening that the purpose of this five session study was to study the effects of alcohol and
energy drinks on behavior. Individuals were notified that the study procedures included
consumption of alcoholic, soft drink, and/or energy drink beverages and completion of
questionnaires and a computer task. The contents of beverages were never disclosed to
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participants. However, they were informed that the amount of alcohol consumed on a session
might be the equivalent to about 3 standard beers and the energy drink might contain the
maximum dose of caffeine found in a cup of coffee. Before any test session, participants
were required to fast for 2 hours, abstain from any form of caffeine for 8 hours, and abstain
from alcohol for 24 hours.
Session Testing—Each participant was tested individually by a research assistant. Testing
began between 10 a.m. and 4 p.m. Testing times within one subject were kept as similar as
possible and did not vary more than 4 hours. Upon arrival in the laboratory for the first
session, the participant provided informed consent in a private testing room that contained a
desk and laptop computer. The participants also completed a general health questionnaire,
PDHQ, TLFB, CUQ, Eysenck, and BIS-11 questionnaires. The participant completed the
cued go/no-go task so that they would be familiar with the task.

Author Manuscript

At the start of every session, the participant was weighed and completed a medical screening
questionnaire to ensure that the participant was healthy and had not recently taken any
prescription or over-the-counter medications. A zero breath alcohol concentration (BrAC)
was confirmed using an Intoxilyzer Model 400 (CMI Inc., Owensboro, KY). The participant
also provided a urine sample in a private bathroom in the laboratory. The sample was tested
for the presence of drug metabolites for all participants and HCG for women only
(Bioscreens Inc., Norfolk, VA).

Author Manuscript

Dose Administration—On each test day, participants received 1 of 4 possible doses for
the self-paced speed of drinking task: 1) 1.97 ml/kg vodka + 5.91 ml/kg decaffeinated soft
drink, 2) 1.97 ml/kg vodka + 5.91 ml/kg energy drink, 3) 5.91 ml/kg decaffeinated soft
drink, and 4) 5.91 ml/kg energy drink. Dose administration was double-blind and dose order
was counterbalanced between participants. Doses were calculated based on body weight. For
the alcohol doses, the 1.97 ml/kg vodka (40% alcohol/volume Smirnoff Red Label vodka,
No. 21, Smirnoff Co., Norwalk, CT) was reduced to 87% for female participants. The
alcohol dose was mixed with 5.91 ml/kg of Squirt, a decaffeinated soft drink (Dr. Pepper
Snapple Group, Plano, TX) resulting in a 3:1 (soft drink:vodka) ratio. Squirt was selected as
the decaffeinated soda given its similarity to the energy drink with respect to calories, taste,
carbonation, and appearance. For the AmED condition, the 1.97 ml/kg dose of vodka was
mixed with 5.91 ml/kg of Red Bull energy drink (Red Bull, Switzerland).

Author Manuscript

Once the assigned dose was prepared, it was divided equally into 10 small unmarked
glasses. For the control conditions where energy drink or decaffeinated soft drink were
consumed without alcohol, 1 ml of vodka was floated on the top of each glass so that a total
of 10 ml was administered to give the drink an alcohol scent. Previous research has
demonstrated that this approach results in an effective placebo as individuals report that this
beverage contains alcohol (Marczinski et al., 2011). In the current study, we confirmed that
all participants thought that they had consumed at least 0.5 alcoholic drinks in each
condition using a standard beverage rating scale that asked a participant how many standard
drinks of alcohol they thought we gave them in the test session. The mean (SD) ratings for
the placebo and energy drink conditions were 0.81 (0.89) and 0.88 (1.71), respectively.
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As described above in the dose administration procedures, the average male in the study
(75.95 kg body weight) consumed a total of 149.62 ml of vodka (i.e., 5.06 oz.) for the
alcohol dose administration sessions mixed with 448.86 ml of Squirt or Red Bull. On the
alcohol sessions, the total was divided into the 10 glasses so that each glass contained
approximately 60 ml of the drink mixture. For the decaffeinated soft drink and energy drink
conditions, the vodka was reduced to 10 ml total so that each individual glass contained
approximately 46 ml of the drink mixture. The average female in the study (67.61 kg body
weight) consumed a total of 133.19 ml of vodka (i.e., 4.50 oz.) for the alcohol sessions
mixed with 399.58 ml of Squirt or Red Bull. Thus, each of the 10 glasses contained
approximately 53 ml of the drink mixture. For the decaffeinated soft drink and energy drink
conditions for the average female, the vodka was again reduced to 10 ml total so that each
individual glass contained approximately 41 ml of the drink mixture.

Author Manuscript

Using the assigned dose for a session, the pace of drinking was measured using a self-paced
speed of drinking task (Bernosky-Smith et al., 2012). Participants were informed at the
beginning of each session that there are 10 small drinks to be consumed at their desired
space and this portion of the study always lasts the full 2 hours. Participants were reminded
that they would complete a computer task and questionnaire after the drinking period. Each
participant had a private testing room to consume the drinks but was within earshot of the
research assistant who delivered each drink in succession as requested. Time of completion
of each drink was unobtrusively recorded.

Author Manuscript

After the 2 hour drinking period, breath alcohol concentrations (BrACs) were taken at 120,
130, and 170 min. after drinking began. Breath samples were also provided by participants
given the energy drink and decaffeinated soft drink beverages at those some intervals,
ostensibly to measure their BrACs. After the 120 min. BrAC reading, participants completed
the BAES. After the 130 min. BrAC reading, participants completed the cued go/no-go
reaction time task. Upon completion of testing after the 170 min. BrAC reading, participants
were given a meal. Participants were then debriefed and released once BrAC was below .02
g%.
Data Analysis
Gender was included as an initial between subjects factor in all analyses. However, no main
effects or interactions with gender were obtained. Therefore, gender is only reported in the
analyses for the demographic characteristics and baseline measures related to drinking
habits.

Author Manuscript

For the dependent measures obtained, the data was submitted to separate 2 (Alcohol Dose:
1.97 ml/kg vodka v. 0.00 ml/kg) × 2 (Energy Drink (5.91 ml/kg energy drink v. 5.91 ml/kg
decaffeinated soft drink) within-subjects ANOVAs. The alpha level was set to .05 for all
statistical tests and SPSS 17.0 was used to conduct the analyses.
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Results
Demographic Characteristics and Baseline Measures
Table 1 lists all demographic and baseline questionnaire measures for the male and female
participants in the study. Possible gender differences for the baseline measures reported in
Table 1 were compared using independent samples t tests. From the PDHQ, it was observed
that males reported a longer duration typical drinking episode when compared to females,
t(14) = 2.84, p = .013. For the remaining tests, no significant differences were observed for
any of the measures including the impulsivity measures, ps >.104.
BrACs

Author Manuscript

No detectable BrACs were observed under the energy drink or placebo conditions. For only
the alcohol conditions, the results of a 2 (Energy Drink) × 3 (Time) within-subjects ANOVA
revealed only a significant main effect of Time, F(2,30) = 90.76, p < .001, η2 = .858. There
was no other main effect or interaction for this analysis, ps > .249. The mean (SD) BrACs at
120, 130, and 170 min. were .066 (.003), .060 (.003), and .048 (.002) g% respectively. Posthoc LSD tests revealed that all time points were significantly different from one another, ps
< .001.
Self-paced Rate of Drinking

Author Manuscript

The results of a 2 (Alcohol) × 2 (Energy Drink) within-subjects ANOVA for the self-paced
time to consume all 10 drinks revealed a significant main effect of Alcohol, F(1,15) = 19.40,
p = .001, η2 = .564, and a significant Alcohol × Energy Drink interaction, F(1,15) = 6.04, p
= .027, η2 = .287. The main effect of Alcohol occurred as alcohol was consumed more
slowly than no alcohol. Figure 1 illustrates the Alcohol × Energy Drink interaction which
reveals that the energy drink mixer increased the speed of consumption only in the presence
of alcohol. A paired samples t tests revealed that the AmED dose was consumed
significantly faster (by approximately 16 minutes) than the alcohol alone dose, t(15) = 2.36,
p = .032.
Biphasic Alcohol Effects Scale

Author Manuscript

Table 2 shows the mean subjective ratings of stimulation and sedation from the Biphasic
Alcohol Effects Scale. Results of a 2 (Alcohol) × 2 (Energy Drink) within-subjects ANOVA
for Stimulation ratings revealed a significant main effect of Alcohol, F(1,15) = 10.38, p = .
006, η2 = .409, and a significant main effect of Energy Drink, F(1,15) = 11.43, p = .004, η2
= .433. No interaction was observed, p = .355. The main effect of Alcohol reflected higher
mean stimulation ratings under the alcohol conditions (25.07) versus conditions without
alcohol (13.38). The main effect of Energy Drink reflected higher mean stimulation ratings
under the energy drink conditions (21.88) versus conditions without energy drink (16.57).
Results of the 2 (Alcohol) × 2 (Energy Drink) within-subjects ANOVA for Sedation ratings
revealed a significant main effect of Alcohol, F(1,15) = 4.54, p = .050, η2 = .232. There was
no main effect of Energy Drink and no interaction, ps > .123. The main effect of Alcohol
reflected higher mean sedation ratings under the alcohol conditions (9.85) versus conditions
without alcohol (5.85).
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The results of a 2 (Alcohol) × 2 (Energy Drink) × 2 (Cue) within-subjects ANOVA for mean
RTs from the cued go/no-go task revealed a significant main effect of Alcohol, F(1,15) =
23.65, p < .001, η2 = .612, a significant main effect of Energy Drink, F(1,15) = 5.47, p = .
034, η2 = .267, and a significant main effect of Cue, F(1,15) = 38.99, p < .001, η2 = .722.
There were no other significant interactions for this analysis, ps > .180. The main effect of
Alcohol reflected that mean RTs were significantly slower when alcohol was administered
versus not (309.53 v. 294.18). The main effect of Energy Drink reflected that mean RTs
were significantly faster when energy drinks were administered versus not (294.81 v.
308.90). Finally, the main effect of Cue reflected that mean RTs were significantly faster
following the go cue versus the no-go cue (288.19 v. 315.52). Table 2 presents the means
and SD for all dose and cue conditions for the cued go/no-go task performance. Finally, the
results of the 2 × 2 × 2 ANOVA for p-inhibition failures from the cued go/no-go task
revealed a significant main effect of Cue, F(1,15) = 7.96, p = .013, η2 = .347. The main
effect of Cue reflected the fact that p-inhibitory failures were greater following the go cue
versus the no-go cue (0.15 v. 0.06). There were no other main effects or interactions for this
analysis, ps > .375.

Discussion

Author Manuscript
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This study examined self-paced rate of drinking alcohol and energy drinks, alone and in
combination, in social drinkers using a within-subjects, double-blind, placebo-controlled
design. The question was whether alcohol mixed with energy drinks (AmED) would be
consumed faster than the similar dose of alcohol mixed with a decaffeinated mixer. The
observed results revealed that energy drink mixers increased the speed of drinking alcohol in
the same participants. During the 2 hour drinking period, participants consumed the alcohol
dose with energy drink mixer approximately 16 minutes faster than the same dose of alcohol
mixed with a decaffeinated soft drink mixer. After the drinking period, subjective ratings of
stimulation and sedation were assessed followed by objective performance measured on a
cued go/no-go task. For the subjective ratings, alcohol administration resulted in higher
ratings of both stimulation and sedation whereas energy drink administration resulted in
higher ratings of stimulation. For the performance task, the results indicated that while
alcohol slowed mean reaction times, energy drink mixers resulted in faster reaction times.
Since the subjective ratings were taken before the participants completed the computer task,
it appeared that the participants were readily able to recognize the sedating effects of alcohol
and the stimulating effects of both alcohol and energy drinks without any feedback from the
objective task. In sum, alcohol slowed behavior whereas energy drinks sped up behavior.
This was observed in reaction times on a computer task and in how fast participants drank
their assigned beverages.
The findings of this study are similar to other studies that have found that self-paced
consumption rates for alcoholic beverages can be modified by the type of beverage. For
example, Higgs et al. (2008) reported that participants given a 7% abv. lager-based beverage
took significantly longer to consume the drink when compared to a similar 3% abv.
beverage. The researcher argued that the perceived pharmacological effect of the alcohol
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served as a signal to alter drinking speed. In the current study, the alcohol content was held
constant but the mixer type altered the consumption rate and the participants rated the
AmED versus alcohol beverages differently in terms of stimulation and sedation outcomes.
The current results suggest that alcohol intake speed, general motor speed, and subjective
responses may be connected and should be further studied in a more systematic manner.
Also, it should be noted that the paradigm used in the current study has not been widely
adopted in the literature. Thus, future work is needed to determine if the consumption rates
identified using this model correspond with actual speed of ordering drinks in bar settings or
if consumption rates observed in the laboratory diverge from actual drinking behavior.

Author Manuscript

The current findings add to a growing literature which is consistent with the view of the U.S.
Food and Drug Administration (FDA) position that caffeine is a generally recognized as safe
(GRAS) compound when used alone but high levels of caffeine found in energy drinks is not
GRAS in the presence of alcohol (US FDA, 2010). In this laboratory study, participants
consumed the AmED dose approximately 16 minutes faster than the alcohol alone dose.
Given that AmED beverages result in greater duration of alcohol priming (i.e., enhanced
desire to drink alcohol) than alcohol alone (Marczinski et al., 2013, in press), the faster
consumption rate combined with the greater motivation to drink explains the higher rates of
binge drinking in AmED consumers. Given that one of the indicators of problem drinking is
drinking too much alcohol too fast (Leeman et al., 2010), use of AmED beverages may
make it difficult for consumers to stay in a moderate drinking range. Consumers should be
made aware of these findings so that they can modify their drinking behavior accordingly.
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Finally, every study has limitations that need to be acknowledged. In the current study,
participants were administered alcohol doses alone in a laboratory that resulted in BrACs
that were only measured at a mean peak of approximately .066 g%. Given that AmED use is
associated with social contexts, binge drinking and alcohol-impaired driving, it would be
important to determine if the findings observed in the current study would replicate in bar
laboratory settings and/or with higher alcohol and energy drink doses. In addition, the
consumption of AmED beverages versus alcohol alone in the real world is likely not a
dichotomy and motives and expectancies regarding AmED (e.g., MacKillop et al., 2012)
may potentially influence the use of these beverages and also the pace of drinking. Also,
consumers probably consume some AmED beverages and some alcohol alone beverages
within the same drinking episode. Furthermore, soft drinks that contain caffeine may be
consumed with alcohol or alone also during a drinking episode. In future work, it would be
important to determine if there is a dose dependent relationship between caffeine intake and
alcohol consumption rate. Another consideration is that taste or other general gustatory
factors may be playing a role in the rate of consumption. As such, the perceived taste
properties of AmED beverages versus alcohol alone may warrant greater attention. Finally,
the small sample of social drinkers in the current study prevented us from systematically
examining individual difference variables, including alcohol and caffeine use habits, and
how those variables relate to self-paced rate of consumption. It is possible that faster
consumption of AmED versus alcohol alone is a concern for only some types of social
drinkers but this needs further study.
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Figure 1.

Mean total time to consume all 10 drinks in the four dose conditions (alcohol, alcohol mixed
with energy drink, energy drink, or placebo). Vertical bars show standard errors of the mean.
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Demographic characteristics and self-reported alcohol/caffeine use for the male (n = 8) and female (n = 8)
participants.
Males
M

Females

SD

M

SD

Age

23.13

1.89

22.75

3.24

Weight (kg)

75.95

11.30

67.61

7.74

Body Mass Index

23.70

4.39

24.98

2.63

Daily caffeine use (mg/kg)

3.53

3.71

3.29

2.09

SMAST

0.00

0.00

0.00

0.00

AUDIT

4.50

1.51

3.63

1.41

History (months)

58.63

27.42

52.50

40.42

Frequency (occasions/wk)

1.41

0.46

1.34

0.77

Drinks per occasion

3.13

1.13

3.88

2.63

Alcohol dose (g/kg)

0.72

0.26

0.96

0.62

Duration (hr)

4.06

1.29

2.13

1.43

Continuous drinking days

2.00

1.07

2.13

1.25

Continuous abstinence days

8.13

3.44

11.88

5.06

Total no. drinking days

6.63

2.97

5.63

2.77

Total no. drinks

26.38

27.57

14.50

9.30

Highest no. drinks in 1 day

6.81

5.84

4.13

1.46

Heavy drinking days

2.00

2.88

0.63

1.06

Drunk days

2.38

2.33

1.25

1.28

Eysenck

2.25

2.38

3.88

3.36

BIS-11

44.13

8.92

50.38

8.96

Personal Drinking Habits Questionnaire (PDHQ):
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Timeline Follow-back (TLFB):
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7.44

Sedation

0.14
0.06

p-inhibitory failures (no-go cue)

315.36

RT (no-go cue)

p-inhibitory failures (go cue)

290.33

RT (go cue)

Cued go/no-go task:

11.50

M

Stimulation

Scale (BAES):

Biphasic Alcohol Effects

Variable

0.12

0.18

47.65

45.64

7.28

14.99

SD

5.91 ml/kg Placebo

0.05

0.15

298.21

272.84

4.25

15.25

M

0.09

0.17

28.56

29.51

7.61

14.90

SD

5.91 ml/kg Energy Drink

0.00 ml/kg Alcohol

0.07

0.16

327.46

302.46

11.81

21.63

M

0.09

0.18

39.50

45.04

11.85

18.04

SD

5.91 ml/kg Placebo

0.06

0.16

321.05

287.14

7.88

28.50

M

0.07

0.15

32.46

29.72

10.05

20.34

SD

5.91 ml/kg Energy Drink

1.97 ml/kg Alcohol (40% abv. vodka)

Dose Conditions

Mean (SD) responses for the self-reported subjective ratings on the Biphasic Alcohol Effects Scale (BAES) and the cued go/no-go reaction time task
performance under all four dose conditions for the male (n = 8) and female (n = 8) participants.
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